Bovine viral diarrhea virus (BVDV), the causative agent of viral diarrhea-mucosal disease in cattle (12, 20) , is ether sensitive (7) and contains RNA as its genetic material (7) . The BVD virion is reported to be approximately spherical in shape, to possess an envelope with few prominant surface projections, and to have a spherically shaped central core (6, 8, 9, 15 ). An uncommonly wide range of infectious particle size has been reported, i.e., 30 to greater than 100 nm (6, 8, 9, 15) . This heterogeneity in the infectious particle size has been demonstrated by rate-zonal centrifugation in glycerol gradients (8) . In addition, buoyant density-infectivity determinations conducted on various strains of BVDV indicate that infectious particles are also heterogeneous with respect to density (5, 9, 11) .
In light of the heterogeneity in both the size and density of the infectious particles of BVDV, it was of interest to determine if the nucleic acid of such particles also reflected this heterogeneity. In this paper we report on the finding of multiple RNA components in isopycnically banded BVDV preparations. The relationship of this finding with respect to the heterogeneity of infectious particles is discussed.
MATERIALS AND METHODS
Virus and cells. The propagation and assay of BVDV, strain NADL, in fetal bovine bone marrow cells were described earlier by Parks et al. (11) . Vero cells were grown as described previously (4 Purification of virus. The methods of concentration and partial purification by isopycnic banding were slightly modified from those described previously (11) . Briefly, extracellular fluids harvested from infected, [3 H ]uridine-labeled cultures were clarified by centrifugation at 5,900 x g for 15 min at 4 C. Twenty milliliters of the clarified fluid was layered 342 onto a 25 to 50% (wt/wt) sucrose discontinuous gradient and was centrifuged in a Spinco SW25.1 rotor at 25,000 rpm for 2 h at 4 C. Sucrose density gradients were prepared using TEN buffer. One lightscattering band developed at the supernatant-25% sucrose interface (upper) and another at the 25 to 50% sucrose interface (lower). The upper band, which was found to contain the majority of infectivity, was diluted in TEN buffer, layered onto a continuous 15 to 40% (wt/wt) sucrose gradient and centrifuged in an SW25.1 rotor at 25,000 rpm for 20 h at 4 C. One-milliliter fractions were collected and an aliquot from each fraction was assayed for infectivity and acid-precipitable radioactivity (11) . Fractions from the region of the gradient where the peaks of infectivity and radioactivity were coincident were pooled and stored at -70 C. Such samples served as the stock of isopycnically banded virus used in subsequent studies. Uninfected bovine bone marrow cell cultures, labeled with [H]uridine to serve as a control, were frozen and thawed three times and processed by identical procedures served as controls.
Isolation of viral and celiular RNA. Viral RNA was obtained from isopycnically banded virus. Virus was pelleted by centrifugation at 50,000 rpm for 90 min in a Spinco SW50L rotor at 4 C and RNA was extracted by suspending the virus pellet in AES buffer containing 1% SDS and 4.0 ,g of dextran sulfate per ml. The suspension was incubated at 37 C for 30 min and then heated to 60 C for 10 min.
For preparation of cellular RNA (2, 18) cultures of Vero cells which had been incubated in the presence of [82P]orthophosphate were washed three times with Eagle minimal essential medium and cells scraped into extraction buffer. Cells were lysed by the addition of NP-40 to a concentration of 0.5%. The cytoplasmic extract obtained after low-speed centrifugation (600 x g) was treated with a one-tenth volume of 10% SDS to liberate the RNA. Such SDStreated cytoplasmic extracts were assayed for acidprecipitable radioactivity and stored at -70 C.
Velocity sedimentation of viral and cellular RNA. Sedimentation of viral and cellular RNA was performed on linear 5 to 20% (wt/wt) sucrose gradients in an SW50L rotor at 50,000 rpm for 90 min at 18 C. Gradients were prepared with AES buffer, pH 5.1. After piercing a hole in the bottom of the centrifuge tube, fractions of approximately 0.25 ml each were obtained by bottom puncture on filter paper strips for radioassay of acid-insoluble radioactivity (16) . Samples were counted in a Nuclear Chicago Mark HI liquid scintillation spectrometer. Correction was made for 32p spillover into the 3H channel.
Polyacrylamide gel electrophoresis. Electrophoresis in polyacrylamide gels was performed essentially according to the methods described elsewhere (10, 15) except that acrylamide (2.4%) was cross-linked with 0.12% N',N'-methylene bisacrylamide in place of ethylene diacrylate. Gels were polymerized with 0.08% ammonium persulfate in glass tubes (0.6 by 10 cm) closed at the lower end with a double thickness of dialysis tubing. Samples to be subjected to electrophoresis were adjusted to approximately 10% glycerol just prior to application onto the gel column. A current of 2.5 mA/gel was applied for 15 min, after which time it was increased to 5.0 mA/gel and maintained for 5.75 h. When electrophoresis was completed, gels were left in their glass tubes and frozen by slowly emersing them into -70 C ethanol. Methods used in the slicing of frozen low-concentration polyacrylamide gels have been described earlier (17) . Gel slices (1.6 mm) were collected in scintillation vials. Ten milliliters of solution consisting of 3% Protosol in an Omnifluor-toluene counting fluid were added and the vials were incubated at 37 C on a shaker for 16 h to allow elution of the RNA. Samples were then counted in a liquid scintillation spectrometer.
RESULTS
Buoyant density characterization of BVDV. Tritiated uridine-labeled virus was isopycnically banded and gradient fractions were assayed for radioactivity and infectivity. Good correlation was observed between the infectivity and acid-precipitable radioactivity profiles as is illustrated in Fig. 1 . Although there was a minor peak of radioactivity at a density of 1.145 g/cm 3, the major peak of radioactivity corresponded with that of infectivity at a density of 1.12 g/cm3. When uninfected [3H]uridine-labeled cultures were processed in parallel, a minor peak of radioactive material was found at a density of 1.145 g/cm3 (Fig. 1) ; however, only insignificant amounts of radioactivity were present at a density of 1.12 g/cm3. Such evidence suggests that the material banding at 1.145 g/cm3 is of cellular origin.
Velocity sedimentation of BVDV RNA.
[3H]uridine-labeled RNA which had been extracted from isopycnically banded virus with SDS was analyzed by velocity sedimentation in linear 5 to 20% sucrose gradients. The radioactive material was resolved into one major and two minor components (Fig. 2) . The sedimentation coefficient of the major rapidly sedimenting component was estimated to be 38S with respect to cosedimented 32P-labeled Vero cell ribosomal (18S and 28S) RNA markers. The slower sedimenting components had S values of 31 and 24. The approximate molecular weights of the 31S and 24S components were calculated by the method of Spirin (19) to be 3.22 x 106 and 1.22 x 10, respectively.
Analysis of the nucleic acid of BVDV was conducted under conditions of low ionic strength by preparing sucrose solutions in buffer containing 0.001 M NaCl rather than the standard 0.1 M concentration. The results, illustrated in Fig. 3 , show an altered sedimentation pattern as compared to that seen at higher ionic strength. Instead of the multiple sedimenting components, there was only a single rather broad peak of radioactivity that was maximum at approximately 24S.
Sensitivity of BVDV RNA to enzymatic digestion. To further determine the nature of the viral nucleic acid, the radioactive material contained in fractions from a velocity sedimentation gradient was tested for sensitivity to enzymatic digestion. Each fraction was divided into equal portions. One portion was incubated with RNase and the other with DNase. These two samples and an untreated BVDV RNA sample were centrifuged on rate-zonal gradients. As shown in Fig. 2, it 3 . Effect of low ionic strength on the sedimentation pattern of BVDV RNA. Extraction procedures, gradients, and centrifugation were as described for Fig. 2 , except that sucrose solutions were prepared in AES buffer containing 0.001 M NaCI. '2P-labeled Vero cell ribosomal RNA was centrifuged on a separate gradient prepared with standard AES buffer and the relative positions of the 28S and 18S RNA are indicated by vertical arrows.
the RNA sedimentation after DNase treatment was the same as the pattern for untreated BVDV RNA (Fig. 2B) , which shows that the pattern obtained after DNase digestion was not due to RNase contamination.
Polyacrylamide gel electrophoresis of BVDV RNA. A portion of the RNA sample utilized in the sedimentation studies was also analyzed by electrophoresis in 2.4% polyacrylamide gels. Radioactivity profiles of gels after electrophoresis consistently revealed the presence of three distinct components (Fig. 4) . The migration mobilities of the viral RNA compo- We have observed that SDS-extracted BVDV RNA sediments as a single broad peak at approximately 24S under conditions of low ionic strength. A dependence of sedimentation rate on ionic strength has been shown to be characteristic of single-stranded RNA (1). It was not experimentally determined, however, whether the conversion of the S value was due to disaggregation or due to an extensive conformational change.
As mentioned previously, available evidence indicates that the size of the infectious particle of BVDV is heterogeneous. It is of interest, therefore, to find that the RNA extracted from partially purified infectious preparations is also heterogeneous. A possible explanation is that particles containing incomplete genome equivalents (i.e., less than 3 (13, 14) , although this does not seem likely since infectious RNA has been extracted from BVDV (3) . The 31S and 24S species of BVDV RNA may represent incomplete viral nucleic acid or perhaps degradation products of 38S RNA.
The data presented herein indicate that the RNA extracted from an isopycnically banded population of infectious BVDV is heterogeneous. The origin of this heterogeneity is not known. Additional experimentation will be required to determine the precise size of the infectious BVDV genome as well as the origin and properties of the various species of viral RNA detected in these studies.
